Hybrid integration process for the development of multisensor chips  by Jin, Na & Liu, Weiguo
Available online at www.sciencedirect.com
Physics Procedia 19 (2011) 357–360
1875-3892 © 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of the Organising Committee of the ICOPEN 
2011 conference
doi:10.1016/j.phpro.2011.06.174
International Conference on Optics in Precision Engineering and Nanotechnology 2011 
Hybrid integration process for the development of multisensor chips 
Na Jin, Weiguo Liu 1* 
Micro-optoelectronic Systems Labs, Xi’an Technological University, Xi’an 710032, China 
Abstract 
A novel hybrid integration process had been developed for the integration of single crystal pyroelectric detector with 
readout IC based on a thinning and anisotropic conduction tape bonding technique. We report our recent progress in applying the
hybrid integration process for the fabrication of a multisensor chip with thermal and sound detectors integrated. The sound 
detector in the multisensor chip is based on thinned single crystal quartz, while the thermal detector in the chip is making use of 
thinned PLZT ceramic wafer. A membrane transfer process (MTP) was applied for the thinning and integration of the single 
crystal and ceramic wafers.  
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1. Introduction 
Multisensor chips found extensive applications in defense and civil industries. Monolithic integration process 
has its limitations in developing sensors, especially when the integration processes for each individual sensor are not 
compatible with each other. In this case, hybrid integration processes are preferred. 
To develop multi-sensor system, novel integration processes have to be applied[1]. A typical multi-sensor 
system may be composed of thermal, vibration, radiation, gas, bio- and chemical sensors[2]. The process for the 
integration of the sensor should have following characteristics: (1) standard CMOS process compatible, which 
requires low temperature processing parameters and low contamination; (2) multi-sensor integration compatible, 
which confines the application of monolithic processes; (3) low cost and high versatility.  
In a monolithic integration process, deposition of sensing materials at low temperature (usually lower than 
475oC) is required. Unfortunately, most sensing materials like PLZT or other pyroelectric thin films have to be 
deposited at a temperature higher than 650oC, which makes the monolithic integration of such sensor with CMOS 
read-out circuit (ROIC) impossible. In this case, hybrid integration and pseudo-monolithic integration processes are 
more feasible[3]. In a hybrid or pseudo-monolithic integration process, the sensing material and the signal 
processing circuit, the ROIC can be fabricated separately, and then be integrated at a relatively low temperature, 
which is compatible with the CMOS processes.  
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For single crystal sensing materials, ion slicing technique has been developed to thinning the wafer to a thickness 
down to several microns[4]. The process may not be applied to reduce the thickness of ceramic sensing materials. In 
this paper, we report our membrane transfer process, which is suitable for hybrid integration of various sensors with 
different sensing materials, including ceramics and crystals[5]. 
2. Multisensor configuration 
A typical multisensor with thermal and sound sensors was taken as an example to demonstrate the hybrid 
integration processes. The configuration of the multisensor chip is as that in figure 1. 
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Figure 1 Schematic structure of the multisensor 
In the example in figure 1, there are 4 sound sensors arranged in the corner of the ROIC chip, 4u4 arrayed 
thermal sensors located at the center of the ROIC chip. For thermal sensors, they must be hermetically packaged. In 
Fig. 1, a eutectic bonding frame was applied to realize the chip scale packaging of Ge IR window with the ROIC 
chip.
3. MTP processes 
A membrane transfer process (MTP) was developed in our lab to meet the needs of multi-sensor integration[5]. 
A schematic diagram of the process is shown in figure 2 and 3. 
Figure 2: Schematic diagram of the membrane transfer process (MTP) 
In the MTP process, a sensing material such as PLZT ceramic wafer or quartz crystal wafer (PLZT ceramic was 
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taken as an example in figure 3) was thinned down to micrometer scale first, and then electroded by sputtering metal 
thin films onto both sides of it as shown in figure 2. Z-axis adhesive film such as 3M 5552R was used as the 
anisotropic conductive film to realize the interconnection between the sensor and the ROIC. 
A Fineplacer-96 flip chip bonder was used to align and bond the sensors with the ROIC chips. The bonder has an 
alignment accuracy of 1 Pm, bonding force of 400N, bonding temperature up to 400oC, maximum bonding chip size 
up to 50u50mm2.
Figure 3: Flow chart of the wafer thinning process 
The thinning of the wafer can be done in various ways. Among them, ion milling, ion slicing, and mechanical 
grinding and polishing were tried with success. Both ion milling and ion slicing methods had high accuracy in 
controlling the final thickness and minimizing the surface damage during the thinning processes. But the efficiency 
of the ion beam methods is relatively low compared with that of the mechanical grinding and polishing method. 
To thin the PLZT wafer, it was diced into 10u10mm pieces for experiment. To hold the PLZT to be thinned, a 
silicon substrate with a thickness of 450Pm was used to carry it. Polymer such as photoresist and BCB polymer can 
be used to bond the PLZT wafer with the Si substrate. In this study, photo resist AZ5214 was used. 
A thin layer of AZ5214 was applied to the surface of Si with spin-coating method. The thickness of the AZ5214 
was controlled as 2Pm. The PLZT wafer was attached to the coated Si immediately after the coating of the photo 
resist. The bonded wafer was baked at 80oC for 120 min. for the solidification of the photo-resist for getting a firm 
bonding between the PLZT wafer and the Si substrate. 
Figure 4 The principle of the CNC grinding process 
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A LOH SPM-50-1SL CNC grinder was used for the grinding thinning of the PLZT wafer. The grinder was 
numerically controlled. Diamond cup-wheel grinding tool was used. The grinding rate was controlled by using 
different spindle speed, diamond grit size and tool feeding speed. Figure 4 shows the principle of the CNC grinding 
process. 
Surface quality of the grinded PLZT wafer can be carefully controlled by choosing fine diamond grit and slow 
tool feeding speed. But the surface damage caused by the grinding process was inevitable. To minimize the surface 
damage, proper polishing method has to be applied. 
A magnetorheological finishing (MRF) method was utilized to polish the thinned wafer in this research. CeO2
suspended MRF fluid was used for the polishing. 
The final thickness of the PLZT membrane can be controlled in the range between 10 and 20Pm, with an 
accuracy of ±1Pm, which is the accuracy of the CNC grinder. Surface profilometer testing results showed that the 
thickness uniformity of the final membrane was within ±5%. 
Same processes can be applied to the thinning of the quartz crystal wafer, similar results to those of PLZT wafer 
were obtained. 
Ion milling process can be applied to dice the thinned PLZT or quartz wafers into designed size. In the structure 
shown in figure 1, the size of each thermal sensor is 100u100Pm with a space of 20Pm between the adjoining 
elements, the size of the sound sensor is 800u800Pm. 
4. Conclusions 
The MTP process developed for the PLZT ceramic wafer and quartz crystal wafer thinning was suitable for the 
hybrid integration of multisensors. In the process, CNC grinding provided fast thickness reduction and left a rough 
surface. MRF polishing was proven an effective way to reduce the surface damage caused by the CNC grinding. 
High surface quality of the polished ceramic membrane will be beneficial to ensure high performance of the 
integrated sensors.  
The MTP processes can be applied together with other micro-machining processes to fabricate the multisensor 
chip. In this paper, the MTP processes were made used to fabricate a thermal and sound detection multisensor. The 
hybrid integration process was arranged in this order: (1) both PLZT and quartz wafer were thinned down to about 
15Pm and ion diced into their final size, (2) the eutectic bonding frame was applied to the ROIC chip, (3) 3M z-axis 
adhesive film 5552R was applied to both the thinned PLZT and quartz membrane, (4) the PLZT thermal sensors 
were attached to the ROIC with interconnection aligned, (5) the PLZT sensor array was hermetically packaged by a 
Ge IR window, (6) the quartz sound sensors were attached to the ROIC chip and finalizing the hybrid integration of 
the multisensor.   
The process developed can be used for the preparation of glass, ceramic and crystal membranes and be applied to 
other hybrid integrated sensor or hybrid MEMS structure fabrication. 
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